
POLYEMBRYOXVIX PAKA8ITIC HYMENOPTERA. 175

Polyembryony in Parasitic Hymenoptera
A Review.

By

.1. Bronte Ciateiiby, B.A., B.Sc,

Senior Demy. Magdalen College, Oxford.

With Plates 14 and 15.

Content:

Introductory

Bionomical ......
Specimen Description of Life Cycles of Host and Parasite

(from Marchal)

Eai'ly Development of Egg of the Polyembryonic Species

Ageniaspis, etc. (Silvestri and Martin)

Formation of Larvae from the Inner Embryonic Masses
(Marchal)

9.

10.

11.

The Independent Life of the

(Bugnion)

Aboi-tive Embiyos (Patterson)

Summary
Discussion

Bibliogi-aphy .

Explanation of Plate.s

Larvae in the Haemocoel.

PAGE
175

17fi

178

179

184

186

187

187

189

192

193

Introductory.

Among the specially remarkable facts in the study of

embryology that of polyembryony or germinogony in Parasitic

Hymenoptera is not the least noteworthy. Polyembryony
consists in the production from one single egg, by a process of

gemmation, of a large number of separate embryos. Poly-

embryonic species of Hymenoptera are known from the Chal-

cididas and the Proctotrypidae ; many of these insects are jet
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black or brownish creatures about 1 or 2 mm. in length, with

gaudily sheeny Avings and bodies ; in many cases they are so

small as to be almost invisible to the naked eye, in others

these insects are much larger, but British species above 5 mm.
in length are not common.

In connection with the word Hymenoptera one naturally

associates thoughts of the wonderful habits and life-histories

of Ants, Bees, and Wasps, but among such parasitic forms as

the Chalcids one finds instincts and wonderful life-histories

just as remarkable as in other fornis. Within the last decade

a great many new facts have been ascertained with regard to

polyembryony, principally by Marchal (5), Silvestri (9),

Martin (14), and Patterson (13).

BlONOMICAL.

Holometabolous insecta from several orders are known
to be the hosts of polyembryonic Hymenoptera, but the

majority of the latter pnrasitise moth or butterfly larvge.

Fieri s brassicee is a martyr to all kinds of hymenopterous

parasites.

Prof. Marteili (17) has given a list containing fifteen

parasites and fourteen hyperparasites on this common Lepi-

dopteron, and of course all such parasites have a value from

an economic viewpoint. In the Oxford district Apantales
glonieratus^ is responsible for the slaughter of thousnnds

of Pierid caperpillars, while a hyperparasite Mesochorus
pallidus takes a large toll on the pnrasitic Apantales. In

the small extent of a little cabbage-patch one then realises

that wars and counter-wars aie raging between the various

parasitic fauna. The polyembryonic parasite seeks among
the leaves of the food-plant of the host caterpillar for eggs

of its host. The Hymenopteron alighting on these eggs

pierces some of them with its ovipositor and lays in them one

or more of its eggs. This is shown in PI. 14, figs. 1 and 2. 7?.

f]ach egg eventually gives rise to many larva3.

'I'hc parasite's egg (or eggs) generally lies inside the sub-

' Moneiuhryoiiic
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stance of the host egg. The latter segments as usual and

eventually the small moth larva emerges from the egg. Out-

wardly the host larva resembles others of its kind, but there

is this difference —̂̂inside its body lies a small germinal mass

derived from the parasite's egg, which later breaks up into a

very large number of embryonic masses or gemmules, which

give rise to larvae, and which are destined later to destroy the

unfortunate host larva.

If a parasitised larva nearly full-grown be opened up, it

will be found to contain a large number of parasitic larvae

which have been nourished at the expense of the host tissue.

These larva? may be all derived from the one egg, laid by a

parasite inside the egg laid by a moth or butterfly. The
purpose of this short paper is to describe how this process is

brought about.

After the parasitised larva has grown a good deal, in some

cases when the observer is well acquainted with the behaviour

of the healthy non-parasitised larvse, certain differences in

the reactions of the older parasitised larvse can be detected.

Such larvse may often be found to be " sleepy," that is, they

are not so active as their healthy fellows; moreover, in

certain cases where the host larva is delicately tinted in

transparent colours, parasitised specimens can easily be found,

for the fat body which, in thin-skinned larvae causes a definite

appearance, is in these cases altered or absent.

The parasitised larva in later stages of its life is merelv an

empty skin full of parasites.

Generally everything except brain, etc
,

gut, and absolutely

necessars' organs are eaten up ; a noteworthy fact is that the

tracheal tubes are left quite intact. In fact, tbe parasites eat

up everything but that absolutely necessary to keep their

" vache a lait " living.

When the parasites have used their unfortunate host long

enough to enable them to grow sufficiently they either kill

their host by eating up its vitals or by boring holes in its

sides in order to emerge from its body.

They now pupate near or inside the skin of their host.

VOL. 63, PART 2. —NEWSERIES. 12
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Specimen Description of the Life-cycles of Host
and Parasite (from Marchal).

Hyponomeutus mahalebellus is a moth whose cater-

pillar is the host of the parasite, Encyrtus fuscicollis,

the polyembryouic Hymenopteron,

(1) The moths emerge from their cocoons in the last days

of July.

(2) Encyrtus fuscicollis commence to emerge early in

August.

(3) Hyponomeutus lays its eggs early in August, and the

Encyrtids by August 15th are at their busiest parasitising

these eggs. B}^ August 22nd the parasites are rare.

(4) The parasitised eggs segment and develop, and by the

end of September the contained moth embryos are ready

to hatch.

The young larvse do not emerge till next spring, but Avinter

under cover of their egc^ cases.

(5) By spring the moth larvte awaken, aud the parasite's

eggs contained in their bodies begin to develop. The tropho-

amnion is formed (see p. 180).

(6) By the end of spring the parasitic polygerminal mass

is well formed (Text -figs. 11 and 12), and the host cyst

(Kyste adventice of Marchal) or covering of host-cells

around the parasitic mass is completely differentiated (see

p. 183).

(7) By June or July the gemmules have metamorphosed

into larvas ; the latter have broken out of their sheaths and

the parasitised Lepidopterous larva is killed and its viscera

eaten up (see p. 186).

(8) Encrytids pupate and finally emerge in August in

time to parasitise other moth eggs.

With regard to the numbers of individuals produced from

one host caterpillar, Howard (' Pr. U.S. Nat. Mus.,' xiv),

affirms that in the case of Plusia, brassicae 2500 Lito-

mastix truncatellus were hatched out of one caterpillar

carcase. Giard ('Ann. Soc. Phit.,' Fr., 1898), writes that he
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found nearly 3000 individuals from one larva of Plusia. Of

course not all these arose from one Litomastix egg- (9).

Patterson (13) orot on the average 175 individuals of Copi-

dosoma from one Gnorimochema larva ; the number from

one caterpillar carcase varied from 25 to 395.

Early Development of the Egg of the Poly embry-
onic Species Ageniaspis (Encyrtus) fusicollis

(Dalm.), parasite of Hyponomeutus malinellus
or Hyponomeuta cognatella, etc. Marchal (5),

Martin (14), Silvestri (9).

The newly-laid egg resembles that of the majority of

parasitic Hymenoptera. The nucleus is of the condensed

type. If the egg has been fertilised it contains a solid,

bluntly comet-shaped spermatozoon. There is also the germ-

cell determinant. The solid nucleus noAv breaks up into

chromosomes and the first polar body forms. Tlie spindle of

this does not appear to have the usual centrosomes at its

poles. 'J'he polar figure generally lies towards the upper
centi-al region of the egg. The oocyte nucleus again divides

to form the second polar body, and at the same time the

first polar body itself enters into division stages. PI. 14, fio-. 5;

In this figure both spindles are in telophase, the sperm lies

near the second polar body spindle, and the germ-cell deter-

minant takes up its position in the interior of the lower part

of the egg.

After the extrusion of the second polar body the matured
egg nucleus assumes the resting reticulate appearance, Avhile

the three polar bodies (the first one divided) lie in the upper
part of the egg in the form of three condensed solid plates,

PI. 14, fig. 6 : If the egg was fertilised, the sperm, as is usually

the case, breaks into a I'eticulum and takes its place next the

egg nucleus. PI. 14, fig. 6 : The germ-cell determinant keeps

closely in this region {G.C.D.). When the zygote nucleus is

formed (fertili.sed egg), or when the matured egg nucleus

resumes its reticulate shape (unfertilised egg), a most remark-



180 J. BHONTE GATENBY.

able process begins ; a definite region of the c^'toplasm of the

egg round the segmentation nucleus becomes separated off

from the rest of the egg, PI. 14, fig. 7. This region contains

the segmentation nucleus and the germ-cell determinant

{G.C.D.).

The egg now contains two distinct regions :

(1) The embryonic region with the nucleus and the germ-

cell determinant (Embryonic ooplasm).

(2) The polar ooplasm so-called, with the polar nuclei.

The plate-like chromatic masses derived from the polar

bodies (PI. 14, fig. 6, P.B}, F.B.-), now begin to alter. Just as

the fused chromosomes of the telophase of mitosis absorb a

nucleoplasmic fluid and become reticulate (nesting nucleus),

so do these remains of the extrusion of the polar bodies

•become, so to speak, blown out and frothy in shape (PI. 14, fig.

7). The individual nucleus-like bodies derived in this way
gradually become lai'ger and finally join up (PI. 14, figs.

7 and 8)

.

The original egg-shape is now finally lost, and the germinal

body becomes more or less spherical. The embryonic region

at the same time is not inactive, chromosomes appear in the

segmentation nucleus (PI. 14, fig. 8), and the embryonic cell

divides. Only one of the daughter cells gets the germ cell

determinant —the latter going over to one cell quite intact

(PI. 14, fig. 9).

A further discrimination may now be made : The polar

ooplasm and the modified remnants of the maturation divisions

of the oocyte nucleus now form an investing nutrient capsule

or tropho-amnion. The inner region is the embryonic part with

the embryonic or germinal blastomeres (PI. 14, figs. 9 and lOj.

PI. 14, figs. 7 and 8, mark the parting of the ways betwixt

poiyembryon}' and monembryony, and I will now describe

Silvestri's case in Litomastix truncatell u s, which is in

certain ways intermediate between the monembryonic and

the polyembryonic method of segmentation. The polar

bodies are given off in the usual way, and at first are

disposed ex.-ictlyas in PI. 14, fig. 6, for Ageniaspis (Encrytus).
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Presently, however, the three elements approach and fuse to

form a solid nucleus (PI. 14, fig. 3 P.N.). The segmentation

nucleus in this figure has divided, and the egg is divided

into three sub-equal blastomeres. The germ-cell determinant

lies in one, another has no determinant, while the third

contains the polar nucleus. The two lower blastomeres

are the embryonic ooplasm, the upper one the polar ooplasm.

The latter subsequently gives rise to the tropho-amnion.

The stage in PI. 14, fig. 7, may now be compared with that in

PI. 14, fig. 3, and it will be noticed that in the former the

method of separation of the two ooplasmas is more specialised

than in the latter.

The polar nucleus in PI. 14, fig. 3, now swells out to form a

normal reticulate nucleus, which later gives rise to chromo-

somes and to a perfectly typical spindle. This divides, and

in PI. 14, fig. 4 the two nuclei derived from the first division

are dividing again in the typical manner. In about the

8-cell stage the germ-cell determinant fragments and forms

a halo around the spindle of the dividing cell which happened

to receive the germ-cell determinant. This infusion of the

determinant into the cytoplasm of the two daughter cells

causes the latter to be somewhat conspicuous for a time

(PI, 14, fig. 4, (t.C, D.C). Such a stage as that drawn in the

latter figure is interesting, for it will be noted that the two

cells containing the germ-cell determinant have entered a

resting condition while their fellows around them are in the

telophase of mitosis. Subsequently, however, they begin to

divide again ; their cytoplasm cleai's up, and as far as is

known they form merely part of the germinal mass just as

other cells do. These blastomeres containing the germ-cell

determinant are later lost to sight among the other cells, and

there is no evidence that they form the gonads of the future

larvfe.

In PI. 14, fig. 13, is a later stage. The polar ooplasm or

tropho-amnion has many nuclei in a syncytium, while the

embryonic mass has also segmented further, cell-walls being

formed after each division.
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The thread of the story of Ageniaspis may now be picked

up again. In PI. 14, fig. 11, is a further stage; the tropho-

amnion has now become divided into an inner granular zone

(endoplasm) and an outer clear zone (ectoplasm), while outside

the entire germinal mass is a cellular sheath formed by the

tissues of the host {H.).

The tropho-amniotic nucleus has constructed to form several

minor polar nuclei (P.N.^, P.N.^), while the embryonic cells

are becoming divided up into parts containing several blasto-

meres. These blastomeres lie in a cavity in the tropho-

amniotic mass, in a fluid which in later stages is coagulable

with certain fixatives.

The outer covering (H.) in PI. 14, fig. 11, is of different

appearance in vai'ious forms. In Martin's case it is early

developed from cells of the body-cavity of the caterpillar, and

is stout at first; in Marchal's case it is found developing in

the same way and later forms a very definite outer sheath to

the ramifying germinal mass (PL 14, fig. 12, and PI. 15, fig. 15).

In the form examined specially by Silvestri, the outer or

host-layer in later stages becomes very thin, much thinner

than in Marchal's case (PI. 14, fig. 14, E.).

In PI. 14, fig. 13, is a later stage in Litomastix ; the polar

nuclei in the polar ooplasm (tropho-amnion) are now very

numerous and soon will form a fairly even sheath around the

embryonic ooplasmic region (E.R.).

In PI. 14, fig. 12, a figure is given from Patterson's case in

Copidosoma.

The tropho-amnion now forms a thick sheath (T.A.) to the

inner embr3'onic masses {E.R.), while here and there adhere

parts of the host fatty tissue (F.T.). There is also a non-

nucleated inner sheath around each mass (blacked in below

in PL 14, fig. 12) of doubtful relationship to anything described

in other forms.

In all the cases examined a process begins about this time

by which the spherical or ovoid germinal mass gets divided

up into smaller masses. This is brought about by constric-

tions, primary, secondary, and tertiarv, and so on, till in
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some cases a ramifying figure becomes formed. The con-

stricting process has not yet begun in PI, 14, fig. 12, but sub-

sequently this germinal mass will become divided up like that

in PI. 14, fig. 14. In some cases the most remarkable rami-

fying " sansage-like" structure such as that in PI. 14, fig. 15,

is produced, and this structure later becomes more and more

attenuated, and is found to ramify throughout the whole

h»mocoel. of the host caterpillar ; when the parasitised

caterpillar is opened one finds this peculiar body as drawn in

PI. 15, fig. 16, P.M. In other cases this attenuated ramifying

apjDearance is never so marked, and the germinal mass is a

shapeless, elongate body. It should be noted (PI. 14, figs. 11

and 12) the embryonic cells are divided into parts before the

tropho-amniotic layer begins to construct the mass into

smaller regions.

The organ seemingly most concerned in the production of

the construction of the germinal mass into smaller regions is

the modified tropho-amniotic layer (PI. 14, figs. 12 and 14)

»

and as the constricting layer meets through the germinal

masses, it carries in the outer layer derived from the host

tissues (host-layer H.).

A word or two must now be written in connection with the

structure of the tropho-amniotic layer. This sustains through-

out the chai-acter of a nutrient membrane ; the appearance of

a heavy granulation in it is explicable on this view. PI. 14,

fig. 11, endoplasm [E.N.F.), and in PL 15, fig. 14, it will be

seen that the tropho-amniotic layer around each constricted

off mass is very granular and deeply-staining {T.A.).

In the two cases where the polar nuclei either divide by
mitosis regularly (PI. 14, fig. 13, etc.) or the polar nuclei form

a frothy structui-e in the polar ooplasm (PI. 14, fig. 11, etc.)

the end result as far as the nuclei is concerned Is nearly the

same. In both cases the nuclei become very numerous either by
mitoses or by aniitosis, and the tropho-amniotic layer becomes

well supplied with nuclei. In Patterson's case the nuclei

are very even and regularly disposed as compared with
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the cases described by Marclial and in one of Silvestri's

forms.

Formation of Larva? from the Inner Embryonic
Masses (Marchal (8)).

The two periods of greatest interest to the embryologist in

the remarkable history of this development are the stages

just after the polar bodies and those of the formation of the

germ-layers from the embryonic masses or gemmules.

The latter in MarchaFs case were often over a hundred in

number, all derived from the gemmulation of a part of the

original egg.

At this period they lie inside the membranes formed by the

host {H. in PL 14, fig. 11) and by the tropho-amnion {T.A.)

and form loug strings of embryonic masses or gemmules.

The several scores of embryos, together with their membranes,

form the germinal cord or polygerminal cordon (PI. 14, figs. 14

and 15).

When the germinal cord is like that in PI. 15, fig. 15, and

about 3 to 4 mm. in length the gemmule or embryonic mass

contains about twenty to forty cells. Each embryonic mass is

really a morula, a ball of cells of the same size. During this

time the cells in each morula divide constantly by mitosis, and

gradually the subspherical morula becomes a distinctly

ovoid mass containing sixty to eighty cells of the same

general size.

From this time the embryo ceases to be represented by a

simple morula, and the germ-layers commence to form. The
embryo now tends to a discoid form, so that it has completely

defined relations, as shown in PI. 15, fig. 18. Its shape is reni-

form thanks to a depression which becomes formed in Avhat

corresponds to its dorsal region (PI. 15, fig. 18).

The side opposite the depression corresponds to the ventral

face of the embryo.

These relations are exactly the opposite of what have been

described so far by otlier authors who have studied Chalcids

or Proctotrypides.
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On the convex border representing the ventral face runs a

longfitudinal furrow, which is not much marke-d in the middle

resrion of its course, but which hollows out at tlie level of the

stomodseum and of the postei'ior extremity of the body.

This furrow is the representative of the mesodermal groove

of other lusecta (PI. 15, figs. 19 and 20).

Soon other furrows in a transverse direction make their

appearance; these represent the incipient segmentation of the

bod}' of the embi-yo.

In each morula, at the largest size it attains, and at

the time when the dorsal furrow (or hilus), Avhich gives the

reniform shape to the morula, begins to become hollowed out^

those cells in the central region of the embrj'o become modi-

tied, lacuna? become formed between them, and they form a

loose sort of mesenchymatous tissue.

The nuclei of these cells become very large, and the proto-

plasm becomes vacuolated to form a sort of network. Such

modified cells foi-m the endoderm (PI. 15, fig. 21).

As this process has been going on the outermost cells of

the morula become grouped like an epithelium, in a row.

These cells constitute the ectoderm and the mesoderm, which,

because of the condensation or telescoping up of the stages

of development, appear to be formed synchronously PI. 15,

fig. 21).

The ecto-mesoderm, so-called, is well developed on the

ventral side ; in the latero-dorsal side it is not so well marked
The ventral region, where the ecto-mesoderm is thickest,

corresponds to the germinal band in other insects.

In short, this pai'ticular kind of development of the germ-

layers in the gemmule or embryonic mass of Encyrtus is

remarkable for the rapidity with which organogeny takes

place, and for the manner in Avhich the various processes are

condensed, in that they occur almost synchronously. The
primitive characteristics of the developmental processes of

Encyrtus are masked by the occurrence of a process of

delaniination.

The central endoderm cells form at once the wall of the
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mesenteron, and a grouiJ of yolk-cells destined to remain

inside the mid-gut till the end of embryonic development

(PI. 15, fig. 21). .

From the above description, which is nearly a literal trans-

lation of Marchal's work on this section of the development,

it will be seen that the proctodeum and stomodaeum are

formed normally from invaginated ectoderm cells. The

mesoderm and endoderm are formed, so to speak, in situ

from the outer central and inner central regions respectively

of the morula, and in this way the developmental processes

of Encyrtus are remarkable.

In PI. 15, fig. 22, is an advanced embryo showing the normal

arrangement of the organs after the germ-layers are properly

differentiated. This is an embryonic Litomastix, and is, in

certain ways, different from Marchal's Encyrted larva (PI. 15,

fig. 21). The hilus {h.) is not so deep iu the former, while the

silk gland (s.g.) in Marchal's form is much more marked in this

early stage.

The Independent Life of the Larvas in the Hfemo.
coel. (Bugnion (3) ).

In Encyrtus towards the end of June, at a time when the

host caterpillars spin their cocoons, the young parasitic larvae,

now fully formed inside the tropho-amnion, break the tubular

cyst in which they lie, and float free in the body-cavity. At

this time also they undergo their first ecdysis, leaving the cast-

off skin inside the remains of their epithelial membranes.

They are now 1 to 2 mm. in length. According to Bugnion,

these larvie for the time being are satisfied with imbibing

the htemoccelvic fluid of the host's body, but later, when
they become nearly full-grown, they eat tlie more important

organs of the host, and so kill it. Some species pupate inside,

others outside the host's skin. According to Silvestri, in

Litomastix there are two sorts of larva> —sexual and asexual —
derived from one polygerminal mass. The asexual larvfe are

used to tear up the host tissues for the benefit of the sexual.

As some doubt has l>een cast on this part of Silvestri's work,
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notliing more need be said till this matter has been properly-

confirmed.

Abortive Embryos (Patterson (13)).

As has been described, the embryonic areas are derived

from fragmentation of an original solid polynuclear mass.

Patterson especially describes how certain of these embryonic

masses are much smaller than the others, and form abortive

or degenerating embrvos. In some cases this production

of abortive embryos seems to be due to the fact that the

subdivision of the egg has been carried too far, and such

embryonic masses contain too few nuclei. In other cases

degeneration is apparently due to the lack of proper nutrition.

Most polygerms lie in a thick layer of fatty tissue, others are

nearly bare of the latter, and it is an observed fact that in

such cases mortality of the embryos is very high. In one of

Patterson's polygerms, with little surrounding fat tissue,

there were more than 100 embryos, not more than thirt}^ to

thirty -five of which had developed normally. In PI. 15, fig. 23

are drawn the outlines of six embryos from one caterpillar
;

according to Patterson, only those of the sizes from c. to /.

would have developed ; those of the sizes in n. and b. would

degenerate.

S u mma r y

.

Before entering upon any discussion or comment on the

above description of Polyembryony, a summary^ of the main

facts known will l)e given.

(1) Po]yeml)ryony in the Hymenoptera parasitica is

process wherel)y the single egg, instead of producing a single

embryo, often produces several score or more.

(2) The polyembryonic Hymenoptera are generally small

insects about 1 mm. in length.

(3) The polyembryonic parasite lays from one to ten or

more eggs in the ovutn of the host.

(4) This oviposition does not kill the host eggs. Larvte
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hatch from the latter in the normal way, but contain the eggs

of the parasite, generally in the ha3mocoel cavity.

(5) The parasite's egg gives off polar bodies, and may or

may not be fertilised in the normal way.

(6) The polar bodies rest for a time, but then break into

activity, forming an actively growing mass, or collection, of

nuclei.

(7) That part of the egg cytoplasm containing the segmen-

tation nucleus separates off from the outer part containing

the active polar nuclei, and the germ-cell determinant goes

to the former, but later becomes absorbed and lost to sight.

(8) The polar cytoplasm or ooplasm containing the polar

nuclei forms an investing sheath around the contained

embryonic ooplasm, wliich later gives rise to the embryos.

The polar ooplasm nourishes the inner embrj'onic mass and

acts as an amnion or placenta. Hence the name tropho-

amnion.

(9) The nuclei of the tropho-amnion derived from the

original polar body nuclei become very numerous by division,

and the tropho-amniotic cytoplasm becomes very granular in

the region of the nuclei.

(10) Certain cells of the embryo, either ha^molymph or fat

cells or both, form an outer covering to the parasitic germinal

mass. This host-covering later becomes much stretched

and epithelial in character. In some forms it is not well

developed.

(11) The primary embryonic cell separated off at the time

when the polar nuclei begin to become active, has already

divided many times to give rise to many gei'minal masses.

The parasitic bod}^ b'^"& insitie the host hajmoccel. may
now be called a poh'germ.

(12) The polygerminal embryonic masses, keeping on

dividing till as many as a hundred or more masses may be

produced, later become constricted into areas each containing

an embryonic mass surrounded by two membranes, the outer

host-epithelial and the inner tropho-amniotic layer.

(13) The shape of the entire polygerminal mass differs in
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different forms. In some it is a ramifying cylindrical bodvj iu

others a shapeless mass, constricted here and there by the

outer membranes.

(14) Each separate germinal mass is now a spherical or

ovoid morula containing a score or more cells. The lat-ter

keep dividing.

(15) The embryonic or germinal mass now begins to

differentiate further ; it loses its sub-spherical shape and

becomes elongate, while dorsal, ventral, and lateral sides of

the future embryo can be distinguished.

(16) The stomodjeum and proctodasum are formed by

invaginations of the two extreme ends of a ventral groove.

The ectoderm is formed by a rearrangement of the outer cells

of the morula. The endoderm and mesoderm are formed in

situ by a modification of the more centrally- placed cells of

the ejnbryo.

(17) The larva3 at a later stage break away from their

membranes and are free-living for a time. They later eat

up nearly everything in the host-caterpillar's body and then

pupate inside (in some cases, however, apparently outside)

the body of their host.

In this review I have not so far given any data with

regard to the sexes of parasites emerging from one caterpillar.

Broods may be purely male or female, or mixed. In Patterson's

cases 55 per cent, of all broods were female. Moreover, the

average numbei- of females emerging from a single carcase is

198 as compared with 175 for males. Some of the mixed

broods doubtless arose from two or more eggs, fertilised and

unfertilised; but Patterson makes the interesting suggestion

that such mixed Ijroods may also arise from a single fertilised

egg by a process of disjunction of the sex cliromosome during

early cleavage stages (13). As far as is known fertilised eggs

produce females, unfertilised males.

Discussion.

(For the following I alone am responsible).

The egg of the insect has been loi)g considered one of the
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most highly organised of all animals. In the ovary we can

recognise its relations, where the future embryonic regions

will lie and so on (18).

In no insect eggs, however, do organ-forming substances

such as those found in Ascidia, appear to be demonstrable
;

the germ-cell determinant alone inarks definitely the position

of the germ-cells. Nevertheless, it is probably true that the

other regions of the egg, though on a microscopical basis

apparently homogeneous, are divided up into future endo-

derm, ectoderm, and mesoderm regions, or even into organ-

forming regions. This seems dii-ectly proven by Hegner's

(18) experiments with beetle eggs: "When the anterior or

posterior parts of freshly-laid eggs are killed (with a hot

needle) the material remaining alive develops that part of the

embryo Avhich it would have produced if the eggs had

remained intact. Xo regeneration of the pait which would

have been produced by the killed region takes place.^' This

result should be compared with what happens in polyembryony

where the entire anterior end of the egg is voluntarily dis-

carded, as far as organogeny is concerned.

It is remarkable to find that in the polyembryonic Hymen-

optera a large region of the egg is entirely discarded. In

fact, just that region of the egg which would have formed the

head, brain, etc., of the embi-yo is rejected. There is no

reason for supposing that the polyembryonic egg is differently

oro-anised from the monembryonic —in fact, just the reverse.

'J'he middle region, or middle region plus the lower pole of

the egg, alone gives rise to the scores of embryos. Wecannot

recognise any special plan of division in the segmentation

process; even the germ-cell determinant after passing into

what in monembryonic species (15) would be the germ-cells,

later becomes lost, and in view of the remarkably haphazard

method of formation of the inner embryonic masses there

seems little possibility that any special care is taken to ensure

that the "germ-cell determinant" cells become the gonads

of the future embryos. As far as we can tell, they may just

as well form cells of the gut or ectoderm ; Silvestri, liowever,
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without any direct evidence, thinks that the " genn-cell

determinant " cells might form the future germ-cells of each

embryo.

The following conclusions I at present consider to be

justified with regard to polyemi»ryony :

(1) The " germ-cell determinant," being possibly a nutrient

cytoplasmic-mass, has no other effect than that of temporarily

stopping mitosis in the cells which happen to contain it.

There is no evidence for supposing that the ''germ-cell

determinant " cells later form the germ-cells of each

embryo.

(2) There is absolutely no evidence in polyembryonic

species of a " germ-track "
; everything is, in the first place,

subservient to the production by haphazard divisions and
fragmentations, of numerous morulas, without any discover-

able definite regions. Differentiation of germ-layers follows

later.

(4) jMere position in the morula is all that seems to deter-

mine whether this or that cell will be an endoderm or ecto-

derm cell, etc.

(5) MarchaFs description clearly shows that differentiation

of germ-layers only takes place after the formation of the

solid morula, and I can find no evidence for supposing that

the inner cells differ in any way except in position from the

outer cells of the morula.

From an examination of the literature on polyembryouy,

and from my personal knowledge of the development of a

monembryonic form, I foreshadow that when more species of

both monembryonic and polyembryonic forms are examined

it will be found tliat some may be either polyembryonic or

monembryonic according to season of the year, or to some
condition of host egg or caterpillar. It is already known
that the number of larva3 produced from one egg of different

species may differ greatly ; those forms with fe\ye9t larva?

from one egg are the ones in which one might expect to find

transition between monembryony and polyembryouy.

In certain monembryonic species the polar bodies are long



192 J. BRONTEGATENBY.

in degenerating, and, moreover, pieces of egg may live apart

for a long time (15). There are still a great many parts of

the polyembryonic development which should be carefully

studied again ; such are especially those questions connected

with the segmentation of the egg, the fate of the " germ-cell

determinant " cells, and the formation of germ-layers.

Moreover, the "asexual'" larvae of Silvestri should be re-

examined, and their true nature properly determined.

AYith regard to the possible place of origin of polyem-

bryony in Hymenoptera, Marchal (' Arch. Zool. Expt. et

Grener.,' 4*^ serie, tome iv) shows that in the monembryonie

form Synopeas rhanis, the cortex of the ovum is separ-

ated in much the same way as in PI. 14, figs. 7 and 8. - The

inner part of the egg, plus the segmentation nucleus, a very

small part of the egg, gives rise to one embryo, instead of

the many in polyembryonic forms. The cortical zone of the

egg is, as far as I can ascertain from Marchal's description,

supplied with nuclei from the revived polar bodies. In

Synopeas rhanis the blastomeres do not part and become

free in a fluid, but instead keep together, and eventually form

the oro-ans of one larva.

BiBLIOGHAPHY.

1. Gaiiiu. M. —• Beitrage zur Erkenutniss der Eutwickelungsges-

cbichte bei den Insecten," * Zeit. f. wiss. Zool..' xix. 1869.

2. Kulagiu. N. —'" Beitriige zur Kenutuiss der Entwicklungsgeschichte

von Platygaster.'" ' Zeit. f. wiss. Zool.," Ixiii, 1898.

3. Bugnion. E. —" Rechevclies sur le developpement postembiyou-

naire, Tanatomie et les mceurs de FEncyrtus fuscicollis."

'Reeueil zool. suisse,' v. 1891.

4. Giard, A. —"Sur le developpement de Litomastix truncatel-

lus," ' Bull. Soc. Ent. Fr.,' 1898.

5. Marchal, P. —" La dissociation de I'ceuf en un grand nombre d'in-

dividus distincts cliez I'Encyrtus fuscicollis," ' C.R. Soc. Biol.'

(10- S.), r, 1898.

6. ' Le determinisme de la polyembryonie specifique. etc.."

' C.R. Soc. Biol..' hi, 1904.



POLYEMBRYONYIX PARASITIC Hi'MEXOPTERA. 193

7. Marchal, P. —" Sur la formatiou de rintestin moyen chez les Platy-

gasters," ' C.R. Soc. Biol.,' Ivi, 1904-.

8. " La Polyembryouic specifique ou Germinogonie." ' Arcli.

Zool. Exp.." 4^ serie -2. 1904.

9. Silvestri, F. —" Contribiizioni alia conoscenza biologica degli

Imenotteri parassiti. I. Biologia de Litomastix trunca-

telUis (Dalm.)." 'Ann. R. Sc. Agr. Portici.' vol. vi. 1906;
' Boll. Labor. Zool. R. Sc. Agr. Portici,' vol. i, 1906. pp. 17-64.

10. "Coutribiizioni,etc. II. Sviluppo dell' Ageniasj)is fusci-

collis (Dalm.). III. Sviluppo dell' Oophthora semblidis,"
' Boll. Lab. Zool. R. Sc. Agr. Portici.' vol, iii, 1908.

11. " Xotizie preliminari sullo sviluppo del Copidosoma
Buyssoni (Mayr.)."' ' Monitore Zool. ital.,' anno xxi, n. 11-12.

12. "Prime fasi di sviluppo del Copidosoma Buyssoni
(Mayi-.) Imenottero Calcidide," ' Anat. Anz.,' xlvii, 1914.

13. Patterson. J. T. —"Observations on the Development of Copido-
soma gelechige," • Biol. Bull.,' vol. xxix. 1915.

14. Martin. F. —" Zur Entwicklungsgeschiclite des polyembryonalen
Chalcidiers. Ageniaspis (Encyrtiis) fuscicollis." 'Zeit. f.

wiss. Zool.. Bd. 110, 1914.

15. Gatenby, J. Bronte. —"The Embryonic Development of Tricho-
gramma evanescens, etc.," 'Quart. Journ. Micr. Sci.,' vol. 62,

pai-t 2.

16. "The Segregation of the Germ-cells in Trichogramma
evanescens, "Quart. Journ. Micr. Sci.,' vol. 63, part 2.

17. Martelli, G. —" Contribuzioni alia Biologia della Pieris brassicse
(L.). etc.."' ' Boll. Labor. Zool. Portici.' v. i.

18. Hegner. R. W.—" The Effects of Removing the Germ-cell Deter-

minants from the Eggs of Some Chrysomelid Beetles,"' 'Biol.

Bull.,' vols, xvi and xx.

EXPLANATION OF PLATES 14 ani. lb,

Illustrating Mr. J. liroiite Gatenby's "Review ou Poly-

eml)ryony in Parasitic Hymenoptera."

HXPLAXATIOX OF LETTERING.

A. Amnion of host caterpillar. B.L. Separated blastomeres of

polyembryonic egg. br. Brain. CH. Chromosomes, coag. Fluid in

which embryonic blastomeres lie and which coagulates in fixatives.

D. Dorsal. ECTP. Ectoplasmic or clear region of polar ooplasm.
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E.M. Embryonic mass. EXD. Eudoderm. EXP. Inner or granular

region of polar ooplasm. ER. Definitive embryonic region of egg.

F. Space filled with fluid. FC. Adipose tissue cell of host. F.PN.

Female j)ronucleus. G. Gut of host caterpillar. G.C.D. Germ-cell

determinant. G.C.D.C. Cell which contains germ-cell determinant.

G.L. Granular layer around each embryonic mass. H. Layer of cells

around the polyembryonic mass formed by cells of the host. /;. Hilus

or dorsal depression in the kidney-shaped larva. Lit. Litomastix imago

ovipositing in ova of Plusia. 3I.PN. Male proniicleus. N.ch. Nerve

c-ord. PD. Proctodseum. P.E. Egg of host moth, Plusia. P.M. Para-

sitic mass or polygerminal cordon in hsemocoel of Plusia caterpillar.

P.N. Polar nucleus. P. OP. Polar ooplasm. SP. Si^ermatozooni

st. and STD. Stododaeiim. TA. Tropho-amnion, or polar ooplasm.

TU. Tracheal tube of host larva. V. Yentral. Z.X. Zygote nucleus.

PLATE 14

Figs. 1-4. (All after Silvestri.)

Fig. 1. —Litomastix truncatellus (Dalm.) in the act of oviposit-

ng in the egg of a moth. Plusia gamma. L. (Much enlarged.) Lt't.

= Parasite. P.E. = Plusia egg.

Fig. 2. —Section through egg of Plusia containing an embrvo nearly

eady to hatch. The substance of the host (Plusia) caterpillar con-

tains many Litomastix eggs. Three lie in the mouth and stomodajum

of the caterpillar and will probably never hatch out. One lies just

behind the brain (Br.), two more lie beneath the nerve-chord, while

another has been oviposited outside the body of the host.

Fig. 3. —Three-cell stage in the segmentation of the egg of Litomas-

tix. The tliree polar bodies (P.N.) (compare fig. H) have now fused

to form a single solid mass of chromatin ; no other nucleus lies in

this upper blastomere or polar ooplasm (P.O. P.). One of the lower

blastomeres contains the germ-cell determinant (G.C.D.). the other

only a segmentation nucleus (B.L.^). (Four comp. eye-piece, xs semi-

apocromat., camera lucida.)

Fig. 4. —Same species as in last figure, but at 8 blastomere stage.

The two cells which received the germ-cell determinant (G.C.D.C.) are

temporarily resting. The polar body had divided once, and in the

present figure the two cells derived from the first mitotic division are

themselves now dividing by mitosis. (Drawn in same way as before.)

Figs. 5-lU. (AH after Martin.)

Fig. 5. —Egg of Ageniaspis. The first jDolar body (P.B.') has lieen

givan off and is dividing again ; the second polar body is lieing formed,

the upper part of tliis spindle being the second polar l;)(_)dy. the lower
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part tlie female xivouucleus. The egg contains a sperm (SP.) and a

'germ-cell determinant" {G.C.D.).

Fig. 6. —Later stage, polar bodies given off: the pronuclei, male

(M.PN.) and female (F.PX.) are about to unite. The " germ-cell deter-

minant" lies near (G.C.D.).

Fig. 7. —Zygote nucleus foi-med {Z.N.), the polar bodies have begun

to form nuclei (at P.N.), and the polar ooplasm {P. OP.) is separated

by a space from the embryonic ooplasm or region (E.E.). The

embiyonic ooplasm contains the zygote niicleus and the " germ-cell

determinant.'"

Fig. 8. —Polar nuclei fusing to form the tropho-aminotic nucleus

(P.N.) ; the chromosomes are appearing in the segmentation nucleus

iCH).

Fig. 9. —The embryonic nucleus has divided by mitosis to form two

cells, only one of which contains any " genn-cell detenninant " ; the

complete fusion of the secondary polar nuclei has taken place to fonn

amass in the polar ooplasm- (P. OP.) or tropho-amnion. The elongate

shape of the egg is being lost.

Fig. 10. —The embryonic cells are now three in number, one of wliich

contains the germ-cell determinant. The tropho-amniotic or polar

nucleus is becoming compressed before it begins to divide into regions

by amitosis. The three blastomeres are not adherent to one another.

(All figures drawn with camera lucida eye-piece 4 and a yV^^ o.im.

Slightly reduced.)

Fig. 11. —Polygerm or multiple germinal mass at later stage. Polar

or tropho-amniotic nuclei divided into three P.N.^ to P.N.^). The
thi-ee blastomeres in fig. 10 have divided to form nine cells. The
polar ooplasm now has an outer clear zone, ectoplasm {ECTP.), and
an inner granular zone, endoplasm (ENP.), Outside the polar ooplasm

or tropho-amnion is a membrane (H.) derived from cells of the body-

ca-s-ity of the host caterpillar. (At about same magnification as

previous figures ; after Maitin.)

Fig. 12. —Polygerm (after Patterson) of Copidosoma. showing end
pha.se of embryonic-region formation. At F. are fat cells of embryo,
at coag. a precipitate, at G.L. a granular layer (purposely blacked in

below to show it), and at TA. the tropho-amniotic layer. (Nucleated

membrane, polar ooplasm.) x 480, somewhat reduced from original.

Fig. 13. —Litomastix germinal mass, to follow stages in figs. 3
and 4. Polar nuclei now very numerous. Embryonic nuclei (E.R.)

very numerous, germ-cell determinant cells lost among other cells of

embryonic region. (After Silvestri.)
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PLATE 15.

Fig. 14. —Polygerminal mass of Litomastix in optical section, showing

gi-aniilar tropho-amniotic memliraue (T.A.), embryonic regions (E.R.),

each of whicli gives rise to an embryo, and the outer host-membrane

(H.). (After Silvestri.)

Fig. 15. —Enil.)ryonic chain or cordon (polyembryonic mass) of

Encyrtus, all derived from one egg. T.U. Tracheal tube of host.

X 63. (After Marchal.)

Fig. 16. —Larva of Hyponomeutus opened and containing several

chains of Encyrtus (P.3I.). x 3. (After Marchal.)

Fig. 17. —Part of the same preparation as thiit in fig. 15, more

magnified, showing inner embryonic masses {E.R.), tropho-amnion

(T.A.), and outer membrane (H.), derived from host.

Fig. 18. —Embryonic mass from side after assumption of reniform

shape. The hilus (h.) of the " kidney" represents the dorsal sui-face (D.)

of the embryo ; at st.. just above the hilus, is the stomodael depression.

X 159.

Fig. 19. —Advanced embryo viewed in profile from the left side : the

hilus (h.) is the dorsal side, at st. is the stomoda?um. at 2^<J- the procto-

daeum, and signs of external segmentation are appearing. V. Yentral

side. D. Dorsal, x 159.

Fig. 20. —Same stage viewed from dorsal face. st. and jif7. as l)efore.

Xl59.

Fig. 21. —Slightly oblique longitudinal sagittal section of an embryo

such as that in figs. 19 and 20. At sg. is the silk (salivary) gland ; at

st. the rudimentary stomodseum ; at jj^. the proctodseum ; at h. the

hilus. The endoderm consists of the inner large scattered cells (end.).

The inner edge of the ectoderm (ect.) is not clearly defined as yet, and

many of the cells at on., which are forming the mesoderm series of

organs, are still intercontinuous with ectoderm cells. At .r. is a region

where cells might be ectoderm, endoderm. or mesoderm, their true

nature not yet properly defined, x 340.

(All these figures after Marchal.)

Fig. 22. —Later stage of embryo of Litomastix after Silvestri. Nearly

all organs clearly defined, st., jyd., end., m.. D. and T". as before.

br. Brain; )u7i. nerve cord; m«Z. malpighian tubule.

Fig. 23.

—

a. to/., six Copidosoma larvae free in the body-cavity of same

host, to show great variation in size of larvae from one caterpillar.

(After Patterson.)


